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PHARMACEUTICAL SALTS OF REBOXETINE 

5 Field of the invention 

The present invention relates to novel crystalline, water-soluble salts of the 2S,3S 
enantiomer of reboxetine, which are the fumarate and succinate salts thereof, to a 
process for their preparation, to their utility in therapy and to pharmaceutical 
compositions containing them. 

10 

Background of the invention 

Reboxetine, 2-[a-(2-ethoxy-phenoxy)-benzyl]-morpholine, was first taught by GB 
201498 IB, which describes its utility for the treatment of depression. Reboxetine is a 
selective norepinephrine reuptake inhibitor, it is a safe drug and a superior treatment for 

15 those disorders in mammals, comprising. humans, that need a selective norepinephrine 
reuptake inhibition. In fact it has few if any physiological effects besides those on 
norepinephrine processing, and therefore is free of side effects and unwanted activities. 
GB 2176407B provides single 2R,3R and 2S,3S enantiomers of reboxetine. The 2S,3S 
enantiomer of reboxetine, hereafter named as SS-reboxetine, was found to be endowed 

20 with a selective norepinephrine reuptake inhibition activity significantly higher that 
racemate reboxetine. 

There are several patent documents describing new uses of reboxetine, for instance US 
6,391,876; US 6,046,193; US 6,184,222 US 6,028,070 and WO 02/36125. However the 
single fumarate and succinate salts of SS-reboxetine have never been described before. 

25 Reboxetine mesylate salt is on the market as racemate and is preferably administered in 
solid pharmaceutical forms. Similarly, SS-reboxetine mesylate is under development for 
administration to mammals in solid pharmaceutical forms, which are the most 
appropriate for administration to patients in need of selective norepinephrine reuptake 
inhibition. However, compound SS-reboxetine mesylate has shown poor 

30 physicochemical characteristics and instability due to its hygroscopicity . 

Moisture uptake is a significant concern for pharmaceutical powders. Moisture have 
been shown to have a significant impact, for example, on the physical, chemical and 
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manufacturing properties of drugs, excipients and formulations. It is also a key factor in 
taking decisions related to packaging, storage , handling and shelf life and successful 
development requires a sound understanding of hygroscopic properties. 
For instance, conversion from an anhydrous to a hydrate form may be observed when 

5 the relative humidity exceeds a critical level and moisture content rapidly increases in 
the solid. This has not only an impact on the physico-pharmaceutical properties of the 
drug per se, but also on its biopharmaceutical perspective. Moreover, it is well known, 
that hydrate forms usually tends to be less soluble with respect to a homologous 
anhydrous form, with potential detrimental effect also on the dissolution rate properties 

10 of the active compound per se and on its absorption profile through the gastrointestinal 
tract. At the same manner, conversion from a crystalline to an amorphous form may be 
observed in presence of relative humidity, with potential disadvantages in terms of 
physical stability (the active drug substance can for instance behave in a deliquescent 
way) or chemical stability, in fact the amorphous structure being thermodynamically 

15 activated is. more prone to chemical degradation and to chemical interaction with other 
chemical species. Thus the performance and the efficacy of both formulation and active 
ingredient may be significantly changed. 

In particular, as far as SS-reboxetine is concerned, it has been ascertained that the 
anhydrous mesylate salt is per se thermodynamically unstable and tends to transform 
20 itself with ageing into a hydrate form. Even more, the anhydrous form tends to lose its 
crystalline structure while exposed to high relative humidity environment, thus 
transforming it into a less chemically stable amorphous form. 

Accordingly, there is a need in therapy of a water-soluble SS-reboxetine salt endowed 
with lower hygroscopicity and good and reproducible biopharmaceutical properties for 

25 allowing a safer and efficacious oral administration. 

The above technical problem has been solved by the inventors of the present invention 
by providing two novel salts of SS-reboxetine having improved physico-chemical 
properties. In fact, the novel salts are crystalline, poorly hygroscopic, rapidly-dissolving 
solids with high water solubility and in addition are substantially more stable than the 

30 mesylate salt. They thus possess important advantages in handling, storage and 
formulations, etc., in addition to possessing all the other advantages, in particular 
therapeutic advantages, exhibited by the mesylate salt 
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Description of the invention 

A first object the invention is to provide a novel crystalline, water-soluble salt of 2S,3S 
enantiomer of 2-[a-(2-ethoxy-phenoxy)-benzyl]-moipholine, which is the fiimarate salt 
and the succinate salt thereof. 

5 

2S,3S enantiomer of 2-[a-(2-ethoxy-phenoxy)-benzyl]-morpholine is hereafter named 
as SS-reboxetine. 

Fumarate and succinate salts of SS-reboxetine can be obtained by known analogy 
methods by means of stoichiometric adding of aqueous solutions of the counterion to 
10 the free base dissolved in a suitable solvent. Such solvent is preferably an organic, in 
particular anhydrous, solvent chosen preferably from methanol, ethanol, dioxane and 
dimethylformamide. If necessary, the precipitation of the obtained salt may be favoured 
by adding an anhydrous apolar solvent, for instance diethylether, n-hexane or 
cyclohexane. 

15 The free SS-reboxetine base can be obtained by the corresponding mesylate salt by 
known methods The mesylate salt of SS-reboxetine can be obtained as described in GB 
2167407B. 

According to a preferred feature of the invention, fumarate and succinate salts of SS- 
20 reboxetine can be obtained by reacting SS-reboxetine freebase with fumaric acid or 
succinic acid, respectively, in a suitable lower alkanol preferably ethanol, followed by 
controlled crystallization process. A lower alkanol is for instance a C1-C4 alkanol, 
preferably ethanol. 

SS-reboxetine freebase in its turn can be obtained by reacting SS-reboxetine mandelate 
25 with a suitable basic agent, for instance sodium hydroxide. SS-reboxetine mandelate in 
its turn can be obtained by reacting reboxetine freebase with (S)-(+)-mandelic acid in a 
suitable lower alkanol followed by controlled crystallization process. Reboxetine 
freebase can be obtained by reacting reboxetine mesylate with a suitable basic agent, for 
instance sodium hydroxide. 

30 

Such preferred feature, which is a further object of this invention can be exemplified as 
follows: 
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Reboxetine Mesylate (S,S)-Reboxetine Mandelate (S.S)-Reboxetine Succinate 

C2oH 27 N0 6 S C 27 H 31 N0 6 C^H^NO, 

[409.50] [465.54] [431.48] 

I II III 



The fumarate and succinate SS-reboxetine salts thus obtained have a crystalline 
structure. 

5 

Intermediate compound SS-reboxetine mandelate is a novel compound and a further 
object of the invention. 

Object of the invention are also metabolites, metabolic precursors (also known as pro- 
10 drugs) and hydrate forms of SS-reboxetine fumarate and succinate salts. 

A further object of the invention is to provide a pharmaceutical composition comprising 
a salt of SS-reboxetine, which is the fumarate salt or the succinate salt thereof, as active 
ingredient and a pharmaceutically acceptable excipient and/or carrier. 
15 A pharmaceutical composition can be formulated according to known method in the art 
in any of the pharmaceutical forms known in the art for administration to a mammal, 
including humans. For instance, a pharmaceutical composition containing a compound 
of the invention, as an active ingredient, and a suitable carrier and/or excipient can be 
prepared as known from GB 20 1498 IB. 

20 



A further object of the invention is to provide a salt of SS-reboxetine, which is the 
fumarate salt or the succinate salt thereof, for the use as a medicament, in particular as a 
selective norepinephrine reuptake inhibitor. 



WO 03/106441 



5 



PCT/EP03/05261 



A further object of the invention is to provide the use of a salt of SS-reboxetine, which 
is the fumarate salt or the succinate salt thereof, in the manufacture of a pharmaceutical 
composition for use in treating a mammal, comprising a human being, suffering from a 
disease state treatable by selective norepinephrine reuptake inhibition. 

5 

A further object of the invention is to provide a method for treating a mammal, 
including a human being, in need of selective norepinephrine reuptake inhibition 
comprising administering to said mammal a therapeutically effective amount of a salt of 
SS-reboxetine, which is the fumarate salt or the succinate salt thereof 

10 

Accordingly, the novel SS-reboxetine salts of the invention, either alone or in 
association with other therapeutic agents, are useful for treating a mammal, comprising 
humans, suffering from a disease state treatable by selective norepinephrine reuptake 
inhibition. 

15 

The term "disease state treatable" means that the treatment according to the invention 
provides remission of the disease state or, at least, the conditions and quality of life of 
the mammal under treatment are improved. 

Examples of such disease states are in particular nervous system disorders selected from 
20 the group consisting of addictive disorders (including those due to alcohol, nicotine, and 
other psychoactive substances) and withdrawal syndrome, adjustment disorders 
(including depressed mood, anxiety, mixed anxiety and depressed mood, disturbance of 
conduct, and mixed disturbance of conduct and mood), age-associated learning and 
mental disorders (including Alzheimer's disease), anorexia nervosa, apathy, attention- 
25 deficit (or other cognitive) disorders due to general medical conditions, attention-deficit 
hyperactivity disorder (ADHD), bipolar disorder, bulimia nervosa, chronic fatigue 
syndrome, chronic or acute stress, chronic pain, neuropathic pain, neuralgias including 
postherpatic neuralgias, conduct disorder, cyclothymic disorder, depression (including 
refractory depression, adolescent depression and minor depression), dysthymic disorder, 
30 fibromyalgia and other somatoform disorders (including somatization disorder, 
conversion disorder, pain disorder, hypochondriasis, body dysmorphic disorder, 
undifferentiated somatoform disorder, and somatoform NOS), generalized anxiety 
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disorder (GAD), incontinence (i.e., stress incontinence, genuine stress incontinence, and 
mixed incontinence), inhalation disorders, intoxication disorders (alcohol addiction), 
mania, migraine headaches, obesity (i.e., reducing the weight of obese or overweight 
patients), obsessive compulsive disorders and related spectrum disorders, oppositional 
5 defiant disorder, panic disorder, peripheral neuropathy, diabetic neuropathy, post- 
traumatic stress disorder, premenstrual dysphoric disorder (ie, premenstrual syndrome 
and late luteal phase dysphoric disorder), psychotic disorders (including schizophrenia, 
schizoaffective and schizophreniform disorders), seasonal affective disorder, sleep 
disorders (such as narcolepsy and enuresis), social phobia (including social anxiety 

10 disorder), specific developmental disorders, selective serotonin reuptake inhibition 
(SSRI) "poop out n syndrome (i.e., wherein a patient who fails to maintain a satisfactory 
response to SSRI therapy after an initial period of satisfactory response), and TIC 
disorders (e.g., Tourette's Disease). As stated above, the novel SS-reboxetine salts of 
the invention can be used also in association with other therapeutic agents, for instance 

15 with pindolol for fast onset of antidepressant activity, with detrol for incontinence, and 
with a neuroleptic agent , e.g. a typical or atypical antipsychotic agent, to treat 
schizophrenia. 

The effective dose of SS-reboxetine fiimarate or SS-reboxetine succinate salt may vary 
20 according to the disease, severity of the disorder and the conditions of the patient to be 
treated. Therefore the optimal dose for each patient, as always, must be set by the 
physician. Anyway, the effective dosage range may be from about 0.5 mg/day to about 
20 mg/day, preferably from about 1 to about 15 mg/day (calculated as free base), either 
as a single or multiple divided daily dosages. 

25 

SS-reboxetine fiimarate and SS-reboxetine succinate are readily orally absorbed, 
therefore they are preferably orally administered. Anyway, they may be administered by 
any administration route, for instance by parenteral, topical, rectal and nasal route. 

30 The following examples illustrate the invention. 



Example 1 
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Preparation of Reboxetine S»S enantiomer Succinate salt 

Succinate salt of S,S-reboxetine has been synthesized by adding a stoichiometric 
amount of succinic acid to the ethanolic solution of the free base. 
16 ml of a methanolic solution containing 2.5 g of succinic acid has been added to 4.1 g 
5 of free base (yellow-orange oil) dissolved in 75 ml of absolute ethanol. 

The solution was then heated under stirring at 40°C for about 20 minutes. The solution 
has become colorless and a white, fine precipitate was observed. The yield of 
crystallization was then forced by cooling the slurry at -30°C to facilitate the salt 
formation. 

10 The solid was then separated by vacuum filtration and dried about 8 hours under 
vacuum at 40°C. At the above conditions here described, the succinate salt of S,S- 
reboxetine was obtained. 



Example 2 

15 Preparation of Reboxetine S,S enantiomer Fumarate salt 

Fumarate salt of S,S-reboxetine has been synthesized by means of the same 
stoichiometric crystallization technique described above. 

1.6 g of fumaric acid suspended in 10 ml of absolute ethanol has been added to 4.1 g of 
free base dissolved in 75 ml of absolute ethanol. 

20 The solution was then heated under stirring at 40°C for a few minutes. At once 
formation of white-rose, spherical agglomerates was observed. The yield of 
crystallization was then forced by cooling the slurry at -30°C to facilitate the salt 
formation. The solid was then separated by vacuum filtration and dried about 8 hours 
under vacuum at 40°C. By means of the below procedure, the fumarate salt of S,S- 

25 reboxetine was obtained. 

Example 3 

Preparation of Reboxetine S.S enantiomer Succinate salt 

Step A : Freebase reboxetine mesylate with aqueous sodium hydroxide into a 
30 dichloromethane phase. Evaporate dichloromethane from the reboxetine freebase and 
add ethanol. Dissolve 1.1 equivalents of (S)-(+)-mandelic acid in ethanol. Mix the 
freebase and acid solutions to form a precipitate of (S,S)-reboxetine mandelate 
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following a controlled crystallization process. Isolate the solids by filtration and drying. 
Upgrade chiral purity of the (S,S)-reboxetine by reflux and recrystallization in ethanol. 
Isolate solids again by filtration and drying. 

5 Step B : Freebase (S,S)-reboxetine mandelate with aqueous sodium hydroxide into a 
dichloromethane phase. Evaporate dichloromethane from the reboxetine freebase and 
add ethanol. Dissolve 1.0 equivalents of succinic acid in ethanol. Mix the freebase and 
acid solutions to form a precipitate of (S,S)-reboxetine succinate following a controlled 
crystallization process. Isolate the solids by filtration and drying. 

10 

Analytical Results 

X-ray powder diffraction fXRD) 

The SS-reboxetine fumarate and SS-reboxetine succinate salts were characterized by X- 
ray powder diffraction (XRD), as follows: 
15 Powder X-ray diffraction was performed using a Siemens D-500 apparatus, irradiating 
powder samples with a CuKot graphite-monochromatic (40 kV 40 mA) source between 
5° and 35° (29) at room temperature. The scan was made of 0.05° steps and the count 
time was 7 seconds per step. 

The main X-ray diffraction peaks of succinate and fumarate salts are here below 
20 summarized in the following Table I (succinate salt) and Table II (fumarate salt). 
The relevant spectra are reported in Figures 1 and 2. 



Table I 



Angle (°28) 


Relative Intensity 


6.45 


39.3 


9.00 


37.9 


12.85 


51.5 


16.85 


44.7 


18.10 


27.7 


19.30 


19.8 


21.20 


51.9 


22.05 


16.9 
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24.05 


100.0 


25.70 


20.1 


30.10 


27.7 


30.30 


29.0 


30.90 


18.9 


Table II 


Angle (°28) 


Relative Intensity 


6.40 


28.9 


8.90 


71.9 


12.75 


92.1 


16.65 


94.0 


17.40 


31.5 


17.85 


30.2 


21.30 


39.9 


22.25 


40.1 


23.20 


29.9 


24.05 


100 


25.60 


32.0 


25.70 


31.7 


29.85 


35.4 



Differential Scanning Calorimetrv (DSC) 
5 DSC analyses were carried out with a Perkin-Elmer DSC-7 apparatus. Aluminium DSC 
pans were loaded with about of 2 mg of sample. The temperature range of analysis was 
between 30° and 210°C. The samples were analyzed under nitrogen flow (to eliminate 
oxidative and pyrolitic effects) at a heating rate of 10°C/min. 

For succinate salt the observed melting endotherm was at approximately 148°C [heat 
10 fusion (AHf ) approximately 120 J/g]. The melting endotherm of fumarate salt was at 
approximately 171°C [heat fusion (AHf ) approximately 100 J/g], 



Stability data 
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Solid state of succinate and fumarate salts has been controlled after an accelerated 
stability plan. The samples were conserved for 2 weeks at 65°C in glasses HPLC vials 
and then controlled by means of DSC. 
No changes in solid state were observed for both the samples. 

5 

Solubility 

The determination of water solubility of succinate and fumarate salts of S,S-reboxetine 
has been performed by means of the following procedure: an excess solid (in order to 
have saturated solutions) has been added into a vial to 1.5 ml of water. The vials were 
10 stirred mechanically shaken at 37°C. At appropriate time (i.e. 1 hour) samples were 
withdrawn and solubility assayed by means of a specific HPLC assay. 
The results are here below summarized in Table III. 



Table III 



Sample 


Aqueous solubility (mg/ml) 


1 h stirring 


2 hrs stirring 


24 hrs stirring 


Succinate salt 


30 


30 


35 


Fumarate salt 


9 


9 


9 



15 

Dynamic Moisture Sorption Gravimetrv (PMSG) 

The water uptake of succinate and fumarate salts of S,S-reboxetine was investigated by 
submitting a sample of such salts to a hygroscopicity test by means of a DVS 1000 
(SMS) according to the principle of Dynamic Moisture Sorption Gravimetry (DMSG). 

20 The apparatus is a "controlled atmosphere microbalance" where the weighed sample is 
exposed to programmed variations of the relative humidity (RH) at a constant and 
controlled temperature. The measured parameters (weight, time and RH), reported in 
Excel worksheets, allowed obtaining hygroscopicity curves over the tested RH range. 
Multiple sorption/desorption cycles between 0% and 90% RH were performed at 25°C. 

25 Progressive variations of RH were of 10%; they were operated by the software at the 
equilibration of the sample weight. This condition was defined at a constant rate of 
percent weight variation 0.005%/min (average of 5 minutes survey). The experimental 
results were reported in the DVS Isotherm Reports and Isotherm Plots. 
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The water uptake of succinate and fumarate salts of S,S-reboxetine is here below 
summarized in the following Table IV. 



Table IV 



Relative Humidity 
(%) 


Succinate salt 
Water uptake % 


Fumarate salt 
Water uptake % 


20 


0.03 


0.06 


35 


0.06 


0.11 


50 


0.10 


0.16 


65 


0.14 


0.21 


80 


0.21 


0.31 


90 


0.29 


0.47 



5 

The sorption profiles of the two salts are shown in Figure 3. The water uptake observed 
is anyway reversible, thus non altering the chemical, physico-chemical and solid state 
• characteristics of both fumarate and succinate salts: 
For comparison purposes also solid state characterization of S,S-reboxetine mesylate 
10 was characterized by means of the techniques described above. 

Differential Scanning Calorimetrv (DSC) 

The melting point, determined by means of DSC analyses measuring the endothermic 
feature related to sample fusion, was about 106°C. 

15 

Thermogravimetric Analysis (TGA) 

The volatile content measured by means of Thermogravimetric Analysis (TGA) was 
relevant: in fact, a weight loss of about 2% was detected upon heating showing a related 
thermal feature. Whereas for SS-reboxetine fumarate and succinate salts a negligible 
20 weight loss was measured. 

Dynamic Moisture Sorption Gravimetry (DMSG) 

During DVS analyses, similar to those previously described, this compound showed a 
relevant tendency to moisture uptake. The amount of water taken up by the sample after 
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the DVS sorption step was only partially eliminated by decreasing relative humidity and 
solid state modification was observed by means of DSC analyzing the tested sample. 
The obtained results are summarized in the Table V, reporting the water uptake 
expressed as percent change in mass, and Figure 4. 

5 

Table V 



Relative Humidity 
(%) 


Sorption Cycle 
Water content % 


Desorption Cycle 
Water content % 


0 


0.0 


4.3 


20 


0.5 


4.5 


35 


0.6 


4.6 


50 


0.7 


4.6 


65 


0.9 


4.6 


80 


4.5 


4.7 


90 


8.7 


8.7 



The above comparative testing results, obtained through the main analytical techniques 
to characterise succinate, fumarate and mesylate salts of S,S-reboxetine, are here below 
10 summarize. 

Dynamic Moisture Sorption Gravimetrv 

Hygroscopicity tests operated by means of a DVS 1000 (SMS) according to the 
principle of Dynamic Moisture Sorption Gravimetry (DMSG) before reported, show 

15 that mesylate salt tends to adsorb a high amount of water (up to 9 % at 90% RH) while 
the uptakes of the new succinate and fumarate salts below 0.5 %. Furthermore mesylate 
salt retains about half of the detected uptake (about 4 %) also after re-equilibration and 
show modification of solid structure (loss of crystallinity observed by DSC). 
The comparison between the behaviour of the different salts in the presence of moisture 

20 can be summarized as here below in Table VI (the relevant raw data are above shown in 
Tables 3 and 4, and Figures 3 and 4) 
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Table VI 



Salt 


Succinate salt 


Fumarate salt 


Mesylate salt 




Reversible water 


Reversible water 


Irreversible change in 




uptake dependent 


uptake dependent 


crystalline for due to 


Effects of 
moisture 
uptake -» 


on Relative 
Environmental 
Humidity. 
No changes in 


on Relative 
Environmental 
Humidity. 
No changes in 


water uptake. 
Retention of water even 
when the drug is re- 
exposed at lower 




crystalline form 


crystalline form 


humidities 




(Figure 3) 


(Figure 3) 


(Figure 4) 



Differential Scanning Calorimetrv (DSC) 

DSC analyses were executed as reported above also on the samples recovered after 
5 DVS tests, executed according to the DMSG principle. As shown below in Figure 5, 
DSC profiles of SS-reboxetine succinate and fumarate salts were unchanged after 
equilibration at high humidity according to the DVS test method (maximum relative 
humidity of 90% at 25°C and equilibration up to 0.005%/min or no more than 360 
minutes). 

10 On the other hand, mesylate salt was affected by a complete destructuration indicated by 
the disappearence of the main thermal feature (dehydration at about 50°C and melting at 
about 105°C). 

From the above comparative data the person skilled in the art will appreciate that the 
15 new salts of the invention are an improved and valuable new tool in therapy. 



